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Implantable cardiac stimulating device 



i57) Appnraius ior dpp'ying '-iir.hii rtno ventricular 
ther^pes lo the he^ft of a piHWerA using nn implnniod 
caiJidc stinnuidting device Atfai and ventricular henrt 
THies '^ro monitored and an^^lyzed to determine whether 
the p^^Iieni is suffering from an atrial or vcnincular ar- 
fhyihmia and to determine what type o' therapy is ap- 
propriate to --iDply ;o the noart A:nal and ventricutar 



Mnart rales are compared to determine if the venincular 
heart rate exceeds the atrial .-leart rate ana to determine 
whether the venincutar heart rate is stable An early atri- 
al stimulation pu se can rilso bo apphod to determine 
whether the ventricular heart rate follows the atrial heart 
rale Atria) and ventricular therapies a^o applied !o (he 
heart based on these determinations 
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Description 

"•^ 3 invorM on i oleics :c if"^.p antafcio za.dPic s;inLi- 
UlT-g CSV ices v/hicn prcviJc ^r!nr - hyihrniH the m Dies :o 
the necifl 0 g -trntachyc.ircii.i c.irdiovocGion ancj cJe- 
'ibrillhtion I -inU fr^ofc :>Htllcul'^r^y to ."nn .rnprcved -roth- 
od .md sysiom for disc^ rrnn^jiinq bctw*M:ri dinnl nt'd veo 
I'icuiar .-irrhytnrriins by inniy/ing the aina ^r-d ventricu- 
lar he<^n r^ites .^oa dependtn^ on such analysis apply- 
ing caidiac ihcrapy '.he aopropnate chamber of Iho 
heatt. 

Cardiac stimblaling devices such as oacemakers 
and cardioverter -dofibnllarors are well known A var ety 
of devices are piesenJy nvajlabie thai apply electrical 
pulses to a patienvs heart in order lo maintain a healthy 
hean rhythrrt The simplest cardiac stimulating devices 
-Hpply pacing piJses lo the patient's heart at regular pre- 
determined internals .Merc sophisiicalea dovicos mon- 
ilor !hc VH( icus heartbeat signals withm h pntierM's heart 
so that ;he sirengih ^nd lirTnt^g of the electrical pulses 
applied to the heart can be spocitically tailored lo the 
palieni's varying needs 

Cardiac stimulating devices conlnm detection cif- 
cuit-y fo sense the patient's internal heartbeat signals 
via ICrtds connected !o She heart For example a b polar 
lead connected lo the patient's ventricle can be used lo 
sense the patient's ventricular hedrt rate By analyzing 
ttie rate and the stability of the ventrrcular heartbeat sig- 
nal some convcniionai cardiac stimulating devices are 
capable of determining whether the paiieni is sutlenng 
from an arrhyt.*^mia such as ventricular fnChyc^'jrdia la 
condtt'Or in which the hen.'t boats too quickly) or libr;!- 
lft!:or^ >n condilion \r which the hcnrt quivers chaottcallyi 

Cafdiac stimulating devices typically differ -r, the 
type of stimuiatich therapy Ihat rnay be delivered to the 
patient s heart m response to a detected affhyihmia 

Antitachycardia pacemakers for examp'e atiemol 
to terminate detected ventricular tachycardia episodes 
by applying one or more bursts of ^airly weak antilach- 
ycaroia stimulation pu ses to Ihe patient's heart More 
sophisticated devices contain cardioversion circuitry 
which allows synchronous higher energy cardioversion 
stimulation pulses (e g 0 5-5 J) to be jsed lo terminate 
the arrhythnr.ias Cardiac stimulating devices with deti- 
brillaiiofi capabilities can apply higher energy electrical 
stimulation pulses (e g 20-40 Jl The various aniitach- 
ycardia cardioversion and delibrillation stimulation 
pulses that are applied to the heart are all known as "car- 
diac stimulation therapies " 

Typically the various cardiac therapies are applied 
to the heart m a iiered fashion initial auempls to tcrrpi- 
nate an arrhythmia use Ihe least aggressive methods 
s jcn as applying bursts of antitachycard-a pulses to the 
heart II this fails to terminate ihe arrhythmia or if the 
arrhythma accelerates in rate a cardioversion sl^oc-^ 
cr ulitrriHlely a Oofibrillalion shock may oe applied 

Inoracr lodetermirve whether a pat ent is sufloung 
'rom an episode of tachycardia that should b« termmat- 



Dy ;ho .-ipplrc-tion of -) .^it-ibio ;-";or-n;y Cn'H-.ni: -A-.t^ 
ul-ttinq devices typic>-itly rnorjsn.-e tl"e rate of a p-itieni's 
venir.cuiar henrtbeal and monitoi Its stability The sta 
Di-!ty lOr regularity of the Iirnmgi of a :ialit^rU's nor,f;t)L!al 

r from beat [o beat s indicative of the patient's cardiac 
concitioi^ becHL.se hs is well known a normal fvirrian 
nea/'beal is somewhat unstable whoredS cardiac ar- 
rhythmia's ■- such as tachycardiri <jpisodob i^e often 
stable One ol the reasons that many ventricular tachy- 

^0 caid.a episodes arc stable is that they are sometimes 
caused by electncat heartbeat signals that have 'ecir- 
cuiaied withm the heart by a feedback pathway A tach- 
ycardia episode that is caused by the feedback of heart- 
beat Signa.s tends to be slabie Vai lous algorithms fiave 

■5 been developed for determining whether a patient's 
heartbeat should be claS5:fied as "stable" For example 
Ihe period of the most recently measured ventricular 
boat can be compared lo the immediately preceding 
beat or can be compared ton runmrig nverage ol recent 

■^0 heart beat periods 

If the ventricular heart rale exceeds a predeter- 
minod vcnirtcular tachycardia threshold rate le g 150 
beats pei minute 'bprn",- and if (he bcatsaro deterrnned 
to be stable then appropt late ventricular therapy can be 
applied to the patient's heart Aithouqh this technique is 
ge/Terally successful for lerminaimg many potenttnlly 
life thrcalcnmg tachycardias there are some Circum- 
stances in which a moie sophisticated approach would 
be preferred 

JO For example occasionally a patient's ventricular 

hoartbent mriy exceed a orcdeieim.ineo vcnir cular 
Irichycardia threshold --ind be relatively stable - normal- 
ly ari indication that vonh cular thcrjpy shculG Co ip- 
plied It rnay be however thnt ;he oievnled ventncuiar 

-'5 heart rate is due to an ainat arrhythmia lhat has pro- 
duced electrical sigr-ais tfiat have propagated to the 
ventricle Atrial arrhythmias are undesirable bul are typ- 
ically not lifo-ihreaiening because Ihe venlricles ol ihe 
heail can continue to effectively pump blood everi if Ihc 

^0 atrial heart chambers beat arrhythmically 

if a oadcnt suffers from an atrial arrhythmia lhat 
causes a corresponding ventricular arrhythmia apply- 
ing venlricular electrical pulses to the patient's heart wiil 
usually bo mellective at terminating the arrhythmia epi- 

JS sode Applying ventricular therapy to the patient s heart 
in these circumstances nnay actually be harmful be- 
cause the ventricular electrical pulses may initiate a ven- 
tricular tachycardia episode or induce fibrillation 

Further using conventional criteria for detecting 

^0 ventricular antiarrhythmias therapies are typically only 
applied if the ventncuiar heartbeat is found to be rela- 
tively stable using a stability analysis algorithm Howev- 
er occasionally a ventricular arrhythmia may occur that 
s not sufficient y stable to be confirmed as a ventncuiar 
episode using conventional stability algonthnns Some 
arrhythmii-i episodes in vvhich ventricular therapy would 
bo appropriate are the-etore not treated These epi- 
sodes could however be delected if atrial and ventncu- 
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v i-^-ii'^o.-il 5iqrrilH vvoft: nnnly^'ed p.''Gperly 

VVh<i( ts neeaeo ihcrofoco is a c^ifCJiac 5i:f^iul;Vrr-q 
ccvico [t^ril cocs no{ ipply ventncul^ir [hc-fcipy to -3 p.^- 
noni's he^rt if tne vonincuiHr heal arrhvihmiH is cJuc lo 
an otriHi drrhythmi;^ condition hu! \A/hicn ^ppiios ven 
tncjldi fhGiHpy when analysis of the patient's von 
Incjl^r ana -atrial hea't -ates ;nc)icatGS Ihat U ts propo- 
lo f Jo so ;f(1esred iriG cartliac slimulalmc device could 
r-Jso 'ipoly /-jtndi ther-^pies to the patient's henri 

Acccrding to ore aspect oi Ihc invention there is 
provided an implantable cardiac stimulating device for 
mondorincjand stimalalmq ttie heart ol a patient, the de- 
vice comprising means /or measuring intrinsic atr al arid 
venlriculai heart rates characterised m that Iho dfjvice 
fu'thc comprises rate determining fneans for doiormin- 
ing whether the ventricular heart rate is less than equrti 
to or exceeds the atrial heart rate and venirtcuiaf stim- 
Niation means for applying ventricular slimulatjon ther- 
Hpy ic the heart when the rale determining means de 
lorrrnr^.cs that the ventricular heait rate exceeds the atrial 
heart rate 

Accordir.rj to another aspect of the invention there 
IS orovided an implantable carciiac stirTiulatmg dev.ce tor 
fTionitor.ng and stimulating the heart of a patient the de- 
vicecompnsinq means (or measLnng intrinsic atnai and 
ventricuia- neari rate characterised m thai the device 
furtheccompriscs rate determining means for determin- 
ing wheiher the atrial heart rate exceeds the vcntticular 
fiearl rate staDthty determining moans for determining 
wncinor (he ventricular heart ra;e is stable and means 
fOi app'ytng ventricular stimulation therapy to the heart 
.vhen trie stability deteirnining means determines that 
(no vontncuiar heart r-itc is stable and the rate cletcrmm- 
■ng n^eans determinos that the atnal f^oari rate exceeds 
(he ventricular heart ra:e 

1 he nvcnlion also extends ic a method for monilot - 
■ng and stimulating the heart of a patient with an implant- 
able cardiac stimulating device cornprismg the steps of 
tncasunng an atrial heart rate and a ventricular heart 
rate cJetermmmg whether the ventricular heart rate ex- 
coeds the atnal heart rate and applying ventricular stim- 
ulation therapy to the heart when the ventrrcular heart 
rate exceeds the atrial heart rate 

The invention also extends to a method ot monitor- 
ing and stimulating the heart of a patient with an implant- 
able cardiac stimulating device comprising the steps of 
measuring an atnal heart rata and a ventricular heart 
rate determining whether the ventricular heart rate is 
stable determining wt^ether the atrial heart rale ex- 
ceeds the ventricular heart rate and applying ventricular 
stimulation therapy to the heart when the ventricular 
heart rate is stable and the atnal heart rate exceeds the 
ventricular heart rate 

In accordance with the principles of the present in- 
vention improved methods and apparatus are provided 
for aoply ng atnal and venfr cular ihorapies to the h^drt 
o* a patifjni with an implanted cardiac slimulaimg device 
The a:rial and vortncuiar heartbeat signals of me pa- 



I oni 3 heart --.re monito'cd lo ceiermipc wioif-ior a'riai 
-nd ventrfCJ'ar tticinpioFi shojici be .lopiieu 

Compared with previously Known approac^los for 
.-ipply-ng cardiac therapies which woio both over - and 

r jficcf inclus ve the present toc-miauc al.cvvs caioiac 
theiapies to bo appliecJ rno(f> accurately t^y .-maly/ nq the 
fT^OHSurod auiai and venutcjlar hear\ rates 

Por exMr-nple conventional cardiac stimulaimg de- 
vices do not apply ventricular therapy unless the von- 

•0 (ficuiar heart rate is determiruxi tc oe !>utficiertly stable 
With the present approach vontncuiar therapy is 
applied even if the ventricular heart --ate is not stable 
so 'ong as the ventricular heart rate is cete^mmcd (o ex- 
ceed the atrial heart rate 

■ s Secondly because of tho possibjir.y of polymorphic 
ventricular tachycardia (or a less organized ventricular 
t.ichycardiaj being present along with a rapid atrial rate 
(such as atrial Fibr illation) then ventricular [herapy is ap- 
plied oven if the ventricular heal rate is rot stable so 

~o long as a predetermined upper rate limit is attained 

Whenever the ventricular heart rate is less than the 
atrial rate the present invent on initiates a rrore detailed 
Hssossment ol the arrhythmia For Bxample if the von 
tncuiar rate equals the atnai rate possible causes may 

-'5 be an accoiGfated S'nus rhythm a sjpraventncuUir lach- 
ycarda or a ventricular tacnycardia with t 1 'o(rogr;=iao 
conduction Both !he supravenincular tachycaidia and 
IhG vcntncjlat tachycardia would oe expected to have 
c^God s:abil'ty 

JO ^hus the present rvontion activates a stability de- 

termination step whenever tho atnal heart raio is 'greater 
than or equal to the ventricular rate Tne prescrit inven- 
tion then activates a (lacking delerrninaticn step wnen- 
ever (he atrial heart rate equal lo the ventricular heart 

-■5 late todelermine it tracking IS cccuffing Tracking is de- 
tcfrnneo by generating <^ premature atrial st.muiatton 
pulse and verifying that the venl'icular channel has re- 
set Tho combination of those three determinations (sta- 
bility rate and tracking) enables the present mventton 

^0 to distinguish between atrial and ventricular arrhythmi- 
as 

For example if the heart lale is very stable and the 
atrial heart rate exceeds the ventricular heart rate 
(iheroby indicating no tracking) then a ventricular tach- 
^5 ycardia is presumed and ventricular therapy is applied 

If the ventricular heart rate is stable and the ven- 
tricular heart rate equals the atrial heart rate then ap- 
propriate atrial therapy can be applied, so long as ven- 
tricular becits are tracking the atrial beats 
oO If on the other hand, the ventricular heart rale is 
stable and the ventricular heart rate equals the atrial 
heart rate, and the ventncutar channel cannot be reset 
then ventricular tachycardia is presumedand ventricular 
therapy is applied 

Atrial therapy can also be applied if the ventricular 
heart rale is not stable (m l ally indicating mat the rhythm 
may be ol natural ongn^ out further testing indicates that 
the atrial heart rate exceeds the ventncular heart rate 
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ihO'Otv ■■■cJiC'-ilinq :hri: !!ie ,i"My['^rn,,H is ■:.riqinnlin:j r 
;he lifiLifTi 

'-^e .iDcvo -Tine cthc ^icv-jnuicjcs of [he ifTvoni'on 
vvil! be aopdrent upon conSKjorHticn oi Iho follcwinq do- 
iri'lcc cJcGcripiior lakon m conjunction witn ti^e iccon- 
DHnyino, drnwinqs in which like reference f>uaiefais kj- 
ter )o liko iruouqhoul nnc m which 

FIG. 1 iS a simplitied schematic diagram of the im- 
pi^iniHblc cardiac sunutating device of the present 
nvention shown connected to a pcUient's heart t)y 
an illustrative pair of leads and 
FIG. 2 IS a flow chart diagraa> of certain steps per- 
formed by the cardiac stimLiladng device of FIG. 1 

PiGviously-known cardiac stimulating devices have 
both over- and under-applied ventricular therapies lo 
patient s hearts For example ventricular therap es 
have been over applied wfien measured ventricular 
heart rates have exceeded a predetermined threshold 
rate and have been determined to be stable In rheso 
r.rcumscances, conventional cardiac stimulating devic- 
es have uniformly applied ventricular therapies Howev- 
er this approacn for dotermiinmg whether venlrcular 
;herapy is warraniocJ is over-inclusive because it does 
not lake into account the possibility that the venincu ar 
arrhythrnia may be due to an atrial arrhythmia if the vcn- 
tr.cular arrhythnria is caused by an underlying atrial ar- 
rhythmia ventricular therapies will usually be ineffec- 
tive Further if such verTtncular therapies are applied 
ney rm^y adversely affect the parent's condition lor ex- 
ample by precipitating a more serious cardiac even: 
such as a ventricular fibrillation 

Previously-known caidiac stirnLlaling devices have 
also under-aoplicd ventricular tnerapios because ihe 
conventional approach of applying therapy only if the 
ventricular beat satisfies various staoiiity criteria occa- 
sionally fails to identity certain ventricular arrhythmias 
Various algorithms for determining if the ventricular beat 
IS staDie have been developed and are well known Al- 
though such algonthrris are generally satisfactory lor de- 
lerrTiining whether a ventricular beat is stable and thus 
corresponds to an arrhythmia some arrhythmias re- 
main undetected 

Tne shortcomings of conventional cardiac stimulat- 
ing devices are overcome by the cardiac stimulating de- 
vice of the present invention A cardiac stimulating de- 
vice 10 constructed in accordance with the invention is 
shown schematically in FIG. 1 The operation of the car- 
diac stimulating device is controlled by a control unit 1 2 
and control circuitry 14 The control unit 12. which is 
preferably mtcroprocessor-based executes instruc- 
tions stored in memory 16 The control circuitry 1 4 prel- 
orably contains suitable circuitry for sensing the pa- 
tient's heartbeat s gnals The contro' crcuitry 14 also 
pre'erably contains SDlab'e circuitry (or ^jenarHiir^g ap- 
propriate eicctncai pulses lo be applied to the patient's 
heart 13 The control Circuitry 1 4 is connected to the pa- 



[ i?n('s ho.-tft ic viH !e-jds 20 

PfCfovib y Ihe ai-ar^qerrcnt o' ;fie loads 20 allows 
both .nlriai and vontncuiai heartbeat sign.-iis ;o be 
sensed Any ;3Ln:able 'ead configuration can br; used 
'^or example two bipolar leads (one connected to tne 
■itnurn and one lo ihe ventricle) cm bo used to sense 
both fitna; and venincu. ar heari activity and to apply ap- 
propriate electrical pulses :o the heart i( cesired the 
eads 20 can incorporate ore or more patches or olner 
suitable electrodes Preferably !he leads 20 are suitable 
for allowing the cardiac stimulating device 10 !o deliver 
cardioversion and defibrillation pulses lo the heart 

Some of the parameters that affect the operation of 
Ihe cardiac stirnufating device 1 0 are preferably select- 
'S ed by a phys.cian The physician programs parameters 
into the cardiac stimulating device iO using a conven- 
tional programmer (not shown) The parameters select- 
ed by the physician can oe loaced mto the cardiac stim- 
ulating devce 10 using conventional telemetry For this 
~o puipose Ihe cardiac stimulating device 10 preferably 
has telemel.'y circuitry 22 for receiving the programm-ng 
data 

Although Ihe cardiac stimulating device iO prelera- 
biy ras pacemaker aniiiachycardia capabilities as well 

-5 as cardioversion and defibrillation capabilities the lea- 
tu^es of the present invention are equally applicable to 
a number of various cardiac stimulating device configu- 
rations For example the cardiac stimulating device 10 
can provide only the functions of a pacemaker with an 
aniitachycaidia capaoility (such as tne abrity lo apply a 
burst of puisos lo a patient's vcntnclci or the functions 
of a cardioverter-defith'iiiatoi with no pacemaker anti- 
iricnycardta functions 

Ttio cardiac stir^ulating device 10 of Ihe present m- 
voniion nllcws cardiac therapies to be applied more ef- 
fectively tnan has previously been possible in part by 
monitoring both atrial and ventricular heartbeat signals 
and by comparing Ihe respective atrial and ventricular 
heart rates A number of the steps involved in determm- 

-0 ing the approfmate cardiac therapy to apply to a pa- 
tient's heart are shown in FIG. 2 

The ventricular heart rate V and atrial heart rate 
A are measured by the cardiac stimulating device 10 
(FIG. 1) at step 24 At lost 26 the cardiac stimulating 

^5 device 10 (FIG. 1) compares the measured venincular 
heart rate V to a predetermined threshold value Vth 
(e g 1 50 bpm) which has been determined to be a rate 
that corresponds to a value lower than the tachycardia 
rale for a particular palient The predeternnined Ihresh- 

-•>f3 Old value Vy^ may be derived m any of a variety of 
mcthcxjs for example Vjh could be based on the last 
cycle length or the average of several cycle lengths etc 
If the measured ventricular heart rate V does not 
exceed the predetermined ventricular tachycardia 

55 threshofd VjH then controf loops back to step 24 Dur- 
ing ttie process of looping back the various other func- 
tions of the cafdiac stimulating device 10 (FIG. 1) that 
a-e necessary lor trie operation of the device can oe per- 
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II inc fnorisured ventrcu^nf herifi fH[e V oxcoods 

cafd:r:C stimuUiinq i-Jcvico '0 '.FIG. 1i cjoicmires 
whfMher [he ventncula' fiedrl rate V exceeds h hiche^ 
•hfcshold V^^.,^^ (e 9 220bpm) ^ltest2B This opiior-^i 
i?W30 -illows venifcu'd'' thcr^ipy tc be Hpphed lo the p^i- 
! oris \urnn at step 30 irt thf^ event thai the vo'KncuUi 
hoHH :Me exceecis ;h relatively high rate When this raie 
IS exceecied \ is likely that the palient is suflenng ffom 
^ poiva\otphic vetUticuU^f lachycarcj^a whvcf:^ ^ov;^ci brsn- 
ef:; f^om the application ol ventncuia'' therapy 

M tt>o rncasurcci ventficuiar heart rale V does noi 
exceed the threshold Vf^i;;y then rit test 32 it is deter- 
mined wMeihe' or riot the vertricuiar heart rate ^ ex- 
ceeds ihs atnnl heart rate A If the ventricular heaa rate 
V exceeds the atrial neart rate A the heart is experi- 
encing ci ventnciJiar arrhylhrriia that is Ireated by apply 
■ng ventricular therapy at step 30 If the ventricular heart 
rate does net exceed ihe atrial heart r^ie then suitable 
conventional stability criteria arc applied at lost 34 to 
dctcrinine whether or not the venincu'ar heart rate V 
:3 siacle 

If Ihr; ventricular heart rate is stable then at lest 36 
i\ 15 (urther detorrnined whether or not the atnai heart 
f.ito A oxc:oods the veninculai heart rate ViMhedt-ial 
heart rate A exceeds the vcr^trtcular heart rale V then 
vertricula' therapy isappliedat step 30 l( ihealrial heart 
rate A does not exceed the vertricuiar heart rale Vat 
test 36 mon the atn^il und venirtcular heart rattjs hu) 
equ..il in Uiis bitualicn ilis desirable lo diUerenI ate be- 
tween 'hose ventricular arrhythnntas that are directly iho 
lesu t or atrial ar/hythnnias and those that are independ- 
ont venificular arrhythmias Thus at step 38 an atrial 
oacing pulse is preferably applied that is slightly ad 
vcinced rotative to the measured atrial rhythm For ex- 
arrpie if the moasured atrial heart rate is 1 50 bpm then 
an atrial pacing pulse can be applied at a rale of 200 
bpm if (t IS determined at test 40 that the ventricular 
pulse rate IS unaffected by the early pulse ther ventficu- 
lar therapy applied at step 30 if at test 40 .t is deler- 
mined that the early pulse results m a resetting of the 
ventricular heart rate (i e the ventricular pulse follows 
V^e car^y aU\a\ s\^mvi^a\ion pvj^se^ \^en Ihe veMncu^af 
arrhythmia IS the rcsuli ol the atrial arrhythmia and no 
ventricular therapy is applied This is in contrast to pre- 
viously known cardiac stimulating devices jn which all 
stable ventricular beats exceeding the venincular tach- 
ycardia tnreshold resulted m the application ol venincu- 
lat therapy regardless of whether the cause of the ven- 
tricular arrhythmia was due to an atrial arrfiythmia -- a 
condition best not treated witn ventricular therapy 

If the ventricular heart rate is fourd to be reset at 
test 40 appropriate atrial therapy (such as oursis of atn- 
ai stimulation pulses etc ) may be applied to the pa- 
tient's heart at step 42 The application of atrial tfie^apy 
a: 'i'.itQ 42 IS op tier anc the decision ot wt^e^hcr lo ^r^- 
voke atrial therapy is preferably made by the physician 



F*:- -ex.-jrr^pie if inr pnyS Ciar- dC'Crr^^inos 'hnl pntiont 
docs not 5uf;cr I'Oir ,-i|rvi' -j'rhylh.'ntri^> l^en ..itrinl :hcr- 
,.HOy \\\\^ n(;t be ^c::liGd regardless cl the resuJtG ol test 

V If ai test 34 i[ was dete-mmed that the ventricular 

•-icart rate w^is not stable then (est -i4 thu cardiac 
strni^latinq device lO |FIG. li determines wheincr the 
atrial heart rate A exceeds the vontncuiar hejart -^te 
V If It is determined that the atrial heart rate A exceeds 

•0 the ventricular neart rate V at test 44 then cptiofidt atri- 
al '.hetapv ^T^ay bo app^^eci a\ s\ep 42 W Xho AU\a\ heart 
rate IS not found lo exceed the ventricular heart fate at 
test 44 then the ntrial and ventricular heart rates are 
equal which indicates that the patient is probably oxf'ib- 
itinq a noimal - a boit elevated •- smus rhythm Thus 
no tf icrapies are applied if the outcome of test 44 is neq- 
alivo Following a negative outconne of test 44 and fol- 
lowing the application of atrial and ventricular therapies 
at stops 42 and 30 control returns lo step 24 via loop 46 

so 

Claims 

1, An implantable cardiac sUmulaUng (device tot mwv 
'lor. nq and siirTiulalinq the heart of a patient the de 
vice comprising rrcans for measuring mtnrisic atrial 
and ventricular heart rales characterised in that the 
device further comprises rate deternrining means 
lor determining whether the ventricular heart rate is 

^0 less [nan oqual to or exceeds the atrial .heart rnte 

■ind ventricular stirTiuiaiion means for applying ven- 
tricular slKTijirt'jon therapy lo the heart when !ne 
laie determining means determines that the ven- 
tnculai henri rate exceeds the atrial honrt rnte 

2. A device as cinifncd m Claim 1 characterised by 
stability determining means for dciermintnc; wheth- 
er the ventnculai heart rate is stable wherein a sta- 
ble ventricular hearl rate provides an indication thai 

•to the rhythm is a tachycardia and an unstable ven- 
tricular heart rate provides an indication thai the 
rhythm requi/os further testing to determine if i( is 
of natural origin 

■'^ 3. A device as claimed in Claim 2 characterised by 
means for activating the stability determining 
means in response lo the rate deternnining means 
determining that the ventricular heart rate does not 
exceed the atrial heart rate 

so 

4. A device as claimed m Claim 2 or Claim 3 charac- 
terised by atrial pulse generating means for apply- 
ing an atrial stimulation pulse to the heart at a rate 
slightly faster than the measurco intrinsic atrial 
^5 heart rate and reset dotormininq means for deter- 
mining whetr-er '.he ventricular heart rate is reset by 

the ventricular heart rate provides an ndication that 
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6. A device as claimed in Claim 4 or Ciainn 5 char^^c- 
:9'ised by atnat stimulation means forapplying atrial 
stimulation therapy to the heart when the siabihty 
determining means determines that the vonlricular 
heart rate is stable the rate determining means cJe- 
inrTiines that the atrial hoart rate isequal tothe ven- 
tricular Moarl rnle and the reset determining means 
■rle'errnines that the venincuiar heart rate is reset by 
Uic atrial slim-jlalion pulse thereby indtcatinq ih^r 
:ne ventricle 'S tracking the atnum and an atrial ar- 
rhyihrnia ;s present 

7. A device as claimed 'n any of Claims 2 to 4 char 
acterised m that the ventricular stimulation rno^ins 
applies voniDcular stimulation therapy when the 
stability determining means determines that the 
ventricular heart rate is stable and the rate de-ier- 
mining menns determines that the atuat heart \h\c 
exceeds the ventricular heart rate thereby mdicat 
.nqa ventricular arrhyihmia is present 

8. A device as clHimed m any of Claims 2 to 4 chnr- 
ncicnsed by atrial stimulation means for appymq 
atrial stimulation therapy to the heart when the sta- 
bility determining means determines that the ven- 
ificuiar heart rate is not stable and the rate deter- 
mining means determines that the atrial heart rate 
exceeds the v/entncular heart rate thereby indicat- 
ing an atrial arrhythmia is present 

9. A device as claimed in Claim 1 characterised -n thai 
the rate determining means further comprises 
nnoans for determining whether the ventricular heart 
rate exceeds a first predetermined threshold ven- 
tricular heart rate and means for determining wheth- 
er the ventricular heart rate exceeds a second pre- 
determined threshold ventricular heart rate that is 
greater than the first predetermined threshold ven- 
tricular heart rate, and wherein the ventricular stim- 
ulation means applies vcntrtcular stimulation ihera- 
oy when the ventricular heart rate exceeds the sec- 
ond predetermined threshold ventricular heart rate 

10. An implantable ca-diac si m jlating device for mon- 



itOf f'::j .^I'o i' irvji.itifv:; I'lO hOn-"! Of ^ Ort'icnt ihc do- 
vico cOfTip*;siMq fT'C-1'is for mcaSLrinq ni( rsic ilr ■ 
ai -tr,c\ vent'ic-jia*' heart rate characterised .n that 
the device lurther ccnrpriscs rate determmmq 
means for dctci.-nmjng 'Ahclhcr the atrial Heart rale 
exceeds ine veritncuiar heart rale stability deter 
mining means for determining whether the ventricu- 
lar heart rate is stable and means for applying ven- 
incjiar stimulation therapy to the heart when the 
stability determining means determines that the 
ventricular heart rale ts stable and the rale deter- 
tnmirg means determines that the alnal heart rate 
exceeds the ventricular heart rate 

11. A device ns claimed in Claim 10 characterised by 
means lor nctivaling [he stability determining 
moans m response to the ralo determining means 
determining (hat the atrial heart rate is g*ealer than 
or equal to the ventricular heart rate 

12. A device as claimed in Claim lO or Claim 11 char- 
acterised by atrial puise generating means for ap- 
plying an atrial stimulation pulse to the heart at a 
rate slightly faster than the measured mtr nsic atrial 
heart rate and resel determining means lor deter- 
mining whetner the ventricular heart J'ate is reset by 
mc ntrial stimulation puise whereby the resetting ol 
Iho vonti icular heart rate provides an ndication that 
the ventricle s (racking the atrium 

30 

13. A device as clanned m Claim 1? characterised n 
thni the venUicular stimulation means applies ven- 
(ncuiar stimulation therapy when the stability deter- 
mining means determines that the ventricular heart 

J5 rale IS stable the rate determining means deter- 
mines [hH\ \\\a Hinal tieart rate does not exceed the 
ventricular heart rate and either the reset determin- 
ing means determines that the ventricular heart rate 
'S not reset by the atrial stimulation pulse or the re- 

•^0 sel determining means determines that the ven- 
tricular heart rate is reset by the atr al stimulation 
pulse thereby indicating that the ventricle is track- 
ing Ihe atrium and an atrial arrhythmia is present 

^5 14. A device as claimed in Claim 10 or Claim 1 1 char- 
acterised by atrial stimulation means for applying 
atrial stimulation therapy to the heart when the sta- 
bility determining means determines that ihe ven- 
tricular heart rate is not stable and the rate deler- 

^ rninmg means determines that the atrial heart rate 
exceeds the ventricutar heart rale thereby provid- 
ing an indication that an atrial arrhythmia is present 

15. A device as cla med m Claim 10 or Claim 1 1 char- 
55 acter ised n that Ihe 'ato determining means further 
comprises means for determining whether the ven- 
tricular heart rate exceeds a fust prcdcterrr.incd 
threshold venincul^jr tieart rate and rnear's for cie- 



5, A device ..t;j claimed in Cairn 4 characicr'scd m !h.-jt 
tnc vt.Miif iCL.Iaf stimu'dion moans applies vonincu- 
la.' stim.Llation therapy when the stacility dcte;r^:n- 5 
!ng means determines ttiat tfie verMncuiar heart late 
I"* 5iaDle Ihe rate determining r-teans dtMormmos 
;lTct; the atrial heart rale is ec^ual !o the ventricular 
fieart rate nnd Iho reset determining means dele 
mines that the ventricular heart rate is not reset by lo 
the atnat st.mutattcn pulse thereby indicating that 
the ventricle is not tracking the atrium and a ven- 
ii cular tachycardia exists 



6 
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■■'.>-^c& ^ second pfetrt^^errnin-^c! ih-nshoia voorncj- 
.nf ne^iii r.iie [ha! lO qro.itOf tnar^ tne tii$[ pfodG;c(- 
-nmed throc^lio.cl ventncular ncc^r' rnte wheiem the 
ventr!Ci,!l;if si-tr-j hi on mc.i:^.s npp.ies verTifCul^.r 5 
■ijii'nui.^iion iheMpy 'Ahencvoi the ra:o acionTTifung 
i^o.nns detef mines :Mai ne venrncuirt^ hca.M rate ox 
•/.rods ine second pr odeter^nned threshold von- 

16. A device ris claimed m Claim lO chHcactonsod lo 
!h/iit the r:^te determining means further comprises 
mc^fis for dcicrmimng wnoiher the ventricular heart 
r;^te Gxceeds the ntnai he/^r^ rate and tne ventricular 
stimulation meciOG ':ipoiiCG venincuiar stimulation '5 
iherapy when the rdtti determining means deter- 
rrin^es mat the vorlfcular heart rale exceeds the 
.itriHi 'lo^ri 'ate 
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